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CXRCUUTIOK  NEAR  THK  WASHINGTON  COAST 


INTRODUCTION 

The  area  covered  In  this  paper  is  a section  of  the  Northeast 
Pacific  Ocean  bordering  the  Vest  Coast  of  North  America  between  the 
parallels  of  Ul*°  and  $1°  North  and  extending  600  miles  seaward  (Figure 
1).  The  coast  is  mountainous  and  contributes  considerable  runoff  to  the 
sea  from  heavy  precipitation  in  winter  aoc  the  melting  of  the  anov  in 
early  summer.  Two  concentrated  sources  of  fresh  water  are  the  Strait 
of  Juan  de  Fuca  ar.d  the  Columbia  River  which  drain  large  inland  areas. 

The  Strait  differs  markedly  from  the  river  in  that  it  is  the  mouth  of  a 
large  tidal  basin  and  is  deeper  than  100  fathoms  for  a considerable  dis- 
tance inshore.  As  a result  of  the  tidal  action*,  its  effluent  has  been 
considerably  altered  by  mixing  with  the  eoic  deeper  water.. 

The  continental  shelf,  as  measured  by  the  100- fathom  contour, 
extends  about  liC  miles  offshore  near  the  Strait  of  Juan  de  Fuca  and 
narrows  to  about  20  miles  both  northward  and  southward.  Beyond  the  slope, 
depths  increase  gradually  to  about  2uG0  fathoms,  a number  of  seamounts 
rise  from  this  aeepe:.*  water,  but  the  bathymetry  of  only  a few  has  been 
worked  out-  in  any  detail. 

The  climate  of  t.u>  region  is  pxedaroJiantly  maritimo  with  pre- 
vailing 3outfws3T.erl7  onshore  winds  accompanied  by  heavy  precipitation 
'"res  autumn  to  sj.rln"-  In  summer,  considerable  air  flow  Is  from  the 
northwest  and  north  >nd  little  precipitation  occurs. 
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Phe  circulation  of  the-  Northeast  PaoH'ic  is  predominantly 
clockwise  to  latitude  hO°  North,  giving  way  to  counterclockwise  south 
of  50°  North  (Sverdrup,  Johnson  and  Fleming,  19u6).  The  colder  water 
along  tho  northern  periphery  of  the  .main  easterly  drift  in  mid-ocean, 
the  so-called  Aleutian  or  Subarctic  Current,  splits  in  an  ill-defined 
zone  well  seowaro  from  the  coast  near  U5°  North,  both  orientation  and 
oositior.  cr  the  zone  of  divergence  varying  w’th  the  season.  The  northerly 
am,  the  Alaska  Current,  recurves  thro1  -n  the  dulf  o4'  4.lasK.aj  and  the 
southerly  irm,  the  Cali'’ omit*  Current,  diets  south  well  offshore  at  lower 
latitudes.  Off  the  Washington  and  Onego i Coasts  in  winter,  the  Davidson 
Current  feeds  water  northward  inshore.  The-  ire  a studied,  being  an  area 
of  divergence,  is  characterized,  by  we  ana  poorly  defined  currents  which 
are  easily  influenced  'ey  temporally  changing  wind  patterns  and  local 
bathymntric  irregular! ties. 

The  me- 'virement to  be  reporter;  in  this  paper  were  carried 
out  with  the  dese'-on  Vessel  M.V.  P.H0’vv-  d dirir.p  seven  offshore  cruises 
in  the  spring  and  summer  months  of  1cb?  and  'because  of  the  antici- 

pated variations  or  currents  with  time,  determinations  of  circulation  pat- 
terns by  dynamic  topographies  were  ru- ole  men  ten  i.y  use  of  th-  Ceomagnetic- 
51ectro-Klnetograph<  It  was  quickly  discovered  that  the  1 tier  instrument 
was  mfcisurUg  currents  (or  effects)  very  rruch  greater  than  those  from  dynamic 
topographies,  ano  snowing  a rotary  variation  with  time,  in  recent  cruises 
therefore,  urveral  hi  me  studies  have  been  oade  to  Use  over  the  nature  of 
tte  rotary  variations. 

-urther  evidence  of  the  reality  *»f  the  rotary  variations  was 
obtained  by  Ureci  ( urrent  measurements  'Ton  in  anchor  station  cm  Cobb 
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Seamount,  a soimouns  rising  very  sharply  from  1500  fathoms  depth  to  within 
16  fathoms  of  the  surface,  and  located  approximately  270  miles  west  of  the 
Washington  Coast  0g>c-US>.5,N,13Oo-*t4i6«3!W).  The  results  from  two  such  time 
studies  are  lAressritod  in  some  detail. 

Another  sphere  of  activity  has  been  a detailed  investigation  of 
the  outflowsl  of  the  Strait  of  Juan  do  Fuca  and  thb  Columbia  River,  particu- 
larly the  latter*  'The  outflow  of  the  Columbia  has  been  traced  for  over  200 
miles  seaward.  The  position  and  structure  of  this  long  plume  of  less  saline 
water  is  of  jnteres".  as  an  indicator  of  offshore  circulation  and  mixing, 
and  because  of  the  possible  influence  it  may  exert  in  directing  the  salmon 
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which  mi  prate  to  and  from  the  river. 

The  circulation  near  the  coast  of  Vancouver  Island  and  the  mouth 
of  the  Strait  of  Juna  de  Fuca  has  been  discussed  by  Tuily  (1938,  19U1)  on 
the  basis  of  salinities  and  temperatures  measured  near  the  coast,  often  in 
shallow  water.  These  measurements  as  well  as  those  of  termer  (1926)  mads 
from  Swifts  'ire  Lightship  establish  the  direction  of  outflow  of  tha  Strait 
of  Juan  de  Fuca  as  r orthwestward,  very  close  and  parallel  to  the  coast  of 
Vancouver  Island,  lully  farther  shows  the  accumulation  of  fresh  water 
along  the  coast  due  to  the  prevailing  southwesterly  winds  in  spring  and 
early  summer,  with  a gradual  transition  to  a condition  of  upwelling  in  a 
narrow  band  along  the  coast  under  influence  of  the  northerly  winds  of  late 
summer.  He  interprets  the  resulting  dynamic  topographies  as  representing 
northwesterly  f*lo*wC  close  wC  the  coast  in  early  summer  and  a reversal  in 
direction  in  late  summer.  The  latter  flow,  however,  is  overcome  by  the 
generally  northwesterly  outflow  of  the  StJ.iit  of  Juan  de  Fuca  near  the 
mouth  of  the  Strait.  Similar  conclusions  as  to  the  seasonal  shift  in 


currants  were  reached  by  Thompson  and  Van  Clsve  (1936)  from  drift  bottle 
experiments  commenced  about  60  miles  off  the  Canadian  Coast,  These  authors 
also  relate  the  charge  in  direction  of  flow  during  the  summer  to  a change 
in  wind  pattern.  Sense  dynamic  sections  along  the  coasts  of  Washington 
and  Oregon  are  presented  by  Sands  (193?)>  but  these  are  too  few  in  number 
and  too  close  to  shore  to  correlate  with  the  present  work. 

Farther  offshore , the  circulation  off  tho  Canadian  Coast  has 
been  studied  by  Doe  (1952)  and  Goodman  end  Thompson  (19^0)  in  two  sections, 
from  the  Strait  of  t'uan  de  Fuca  to  Dutch  Harbor,  and  from  the  Strait  of 
Juan  de  Fuca  to  Hawaii,  Still  farther  offshore,  the  Carnegie  C rules  VII 
( Fleming . 19hS)  estfblished  the  gross  structure  of  the  eastward  flowing 
Aleutian  Current  anc.  the  beginning  of  its  separation  into  southeasterly 
and  northeasterly  blanches.  Two  or  more  sections  have  also  been  made  by 
Scripps  Institution  of  Oceanography,  the  U,  Fish  and  Wildlife  Service, 
and  the  U.  S,  Navy  lieu ironies  Laboratory,  but  the  results  are  unpublished. 
To  the  couth,  Script « of  Oceanography  have  studied  the  coastal 

currents  very  intens ively  and  their  cruises  have  occasionally  come  as  far  * 
north  as  the  Columbia  River,  Thus  the  details  of  the  circulation  near 
the  Washington  Coast  are  little  known. 

'With  respect  to  the  G.E.K.,  sc  used  in  areas  of  weak  and  poorly 
defined  currents  such  as  this,  there  is  little  published.  The  interpre- 
tation of  the  results  as  currents  is  in  some  question,  as  is  the  WK"  factor* 
The  apparently  rotary  current  changes  observed,  although  indicated  by  von 
Arx  (r95o),  have  not  been  carefully  analyzed,  probably  because  in  areas  of 
high  currents  they  ere  relatively  less  important.  Oceanographers  at 
Scripps  Institution  of  Oceanography  are  known  to  to  working  cn  tills  problem. 
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Por  analysis  of  the  rotary  current  charges  in  the  -teeo  sea,  one  must 
turn  to  the  direct  menahrementp  made  from  anchored  roseola , the  BLAKE 
in  West  Indian  waters  (Ptllsbury  , 1691),  the  MllHAEL  oARS  (Holland- 
Hansen,  1930),  the  METEOR  (Defant,  1932),  the  ALTAIR  (Defant,  l?!iC), 
and  the  ARFAlh-h'  HEMPEN  (Elman,  1953).  In  all  of  these,  the  ’.uncertain- 
ties duo  to  the  motion  c.f  the  anchored  vessel?  weakens  the  validity  of 
the  conclusions.-.  However,  rotary  urreut  changes  dc  occur  and  these 
changes  a vwrently  contain  components  of  tidal  and  inertial  periods  as 
well  as  random  fluctuations „ The  existence  of  rotarv  currents  of  tidal 
period  in  shallower  water  is  well  ast.  disced,  and  Gustafson  and  Kullen- 
berg  (1936)  h%»*  -.emonMt rated  ar  .*xc«l'<.Hut  ^xamde  of  inertial  rotations 
in  the  Baltic, 


■kATL’R  PRO^iCflEb  AWL?  ulhgULATIOK 

As  others  have  sug  pasted,  the  horizontal  gradients  of  tempera** 
ture  and  salinity  may  he  generalized  in  two  representations,  one  ‘or 
spring  and  early  summer  and  one  ror  late  summer*  The  winter  conditions 
na re  not  ceen  studied.  Figures  ? and  3 show  the  horizontal  distribution 
of  surface  temperature  anc  surface  salinity  in  April-May,  1953,  the  data 
having  been  smoothed  to  eliminate  local  fluctuations.  The  riling  up  of 
warm  surface  water  along  the  coast  of  Vancouver  Island  is  evident, 

?Lgures  It  and  5 show  the  conditions  in  July,  1952.  Here  the 
breakdown  of  spring  conditions  is  .lust  beginning  to  appear-  The  water 
which  earlier  increased  in  temperature  essentially  ud  to  the  coast  la 
now  showing  a wide  banc:  of  somewhat,  cooler  water  near  the  coast-  The 
effect  is  more  marked  If  vertical  sections  of  temperature  are  plotted, 
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de-moustra  ting  the  decrease  In  thickness  of  the  surface  water  layer  on 
approaohing  the  coast.  Close  tc  the  mouth  of  the  Strait  of  Juan  da  Fhca, 
the  effect  is  accentuated  at  the  surface  orobably  because  of  the  mixing 
processes  of  tidal  flow  as  well  ns  the  tendency  of  upvelli*  • cooper  water 
to  appear  far  within  the  Strait* 

figures  6 and  ? (smoothed  somewhat)  show  the  conditions  in  Sep- 
tember, 19f?3,  farther  south.  Although  not  comole tely  comparable  with  the 
above  data  because  of  the  H fertmt  ar*  as  covered,  there  is  still  sur- 
ficial  evidence  of  upwellirg  in  the.  region  near  the  mouth  of  the  Strait  of 
Juan  oe  fAica.  Aloru.  the  Washington  (’oast  south  of  the  Strait,  the  sub- 
surface temperature  structu-e  indicates  the  presence  of  upweillng  which, 
however,  does  not  reach  the  tru’-f  ice  oecause  of  a blanketing  lay  ,.r  of  less 
saline  water.  This  is  especially  so  in  the  vicinity  r ^ the  Columbia  River 
mouth  where  the  surface  waters  flowing  ward  -.re  rapidiv  replaced  by 
river  e*''lusnt»  A ton)  the  Oregon  . cast  south  or  the  Columbia,  low  tempera- 
tures characteristic  of  upwef.1i.nt-:  -ire  a <p.  ir.  apparent  at  the  surface. 

‘■'igurea  6 and  7 also  show  the  first  results  cf  =i  detailed  study 
of  the  Columbia  River  outflow.  The  plume  of  water  having  a salinity  less 
than  32„O°A>0  ;s  seen  to  extend,  over  2 Of  miles  to  the  southwest,  ■‘’ssoci- 
ated  with  the  lower  salinity  is  .<  -somewhat  higher  temperature.  *^!v  pC5  ia 
tlon  of  the  wake  stream  is  in  Itself  evidence  of  the  generally  southerly 
set  of  the  currents  in  this  rwgior:  during  the  summer.  At  the  velocities 
indicated  b>-  the  cfc/ramic  topography  for  the  general  area,  thr  time  re- 
quired for  the  water  to  travel  tc  the  outer  limits  of  th<-  32°/oo  isosal 
is  of  the  or''er  of  cm-  to  two  months,  an:-,  hence  tn~  position  this  limit 
establishes  s minimum  value  for  the  integrated  currents  for  at  l-vust  this 
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The  processes  of  mixing  in  the  wak&  straa*  'nave  not  yat  b»«* 
examine  do  However,  there  is  seme  interest  attached  to  the  abrupt  change 
in  salinity  ;radient  seaward  of  the  31°00/00  iaosalo  In  essentially  all 
of  the  area  between  this  and  the  next  isosal,  the  surface  salinities  are 
greater  than  3lofj°/oo  and  mostly  greater  than  31o70/°Oo 

The  *. tyrannic  topographies  within  300  miles  of  tho  coast  have 
K-een  quite  consistent  in  all  the  cruises  a>  slyzed,  Since  only  Cruise  No. 

7 in  Julys  1952 j went  as  far  offshore  a9  6ro  mile9-  data  from  this  cruise 
■».rs  combined  with  a composite  of  all  the  others  tc  obtain  a generalized 
diagram  “'or  the-  area  wnich  is  presented  an  Pig' ire  8.  Hie  curves  south 
of  U6°-30s  are  based  orincipally  upon  data  from  raise  No-  9 in  early 
September s 1952. 

appearing  generally  in  all  cruises  are  the  lower  dhmamio  heights 
to  the  west  of  about  130%'.,  corrooDordinr  tc  northerly  or  northeasterly 
flows  of  5 cm/sec  or  less..  Corns  charges  in  gradient  occur  in  different 
months  but  the  general  oicture  is  little  altered  ez.ceot  that  the  contours 
seen!  to  teTi  mere  nearly  northward  l.r  the  early  summer as  wculd  be  ex- 
pected from  the  meteorological  conditions*  Also  appearing  in.  all  the  data 
is  evidence  "or  a deflection  southward  of  northeasterly  flowing  stream- 
lines in  th-"*  arc-a  la  tween  128°  ana  130%'  and  U?°  t-o  h9°^ 30  N-  The  data 
of  Cruise  No,  • •* ndioate  that  this  flow  continues  southward  along  the 
Washington  Coast  and  is  probably  res  pons  ib'i  <■  for  carrying  the  Columbia 
diver  water  southward,  These  res' Its  are  consistent  witi  thc.b  ■>  of  Doe 


eww.'wn 


tssfrmesAi 


ontsh 


ZZr4i'- 


G.E.X.  RESULTS  «ND  TIME  STUDIES 

Early  in  tie  investigations,  it  was  discovered  that  apparent- 
currents  measured  hourly  by  means  of  the  G.E.K.  along  a cruise  track 
showed  continual  changes  in  direction  and  magnitude,  suggesting  the 
rotary  changes  of  tidal  period  observed  at  lightships » These  currents 
typically  had  peak  values  of  15  - 20  cm/sec  and  occasionally  as  high  as 
35  cra/sec,  the  correction  factor  "K*1  for  the  G.E.K.  being  taken  as 
unity.  To  be  contrasted  with  thsse  are  the  velocities  below  5 cn/sec 
determined  from  the  dynamic  heights.  Tidal  periods  could  be  found  in 
the  data  by  harmonic  analysis,  but  the  amplitudes  were  only  about  one- 

fifth  as  great  as  the  observed  peaks.  Later  it  was  discovered  that 

inertial  periods  were  present,  with  amplitudes  of  the  same  magnitude  or 

somewhat  greater  than  those  of  tidal  period.  The  inertial  period  in 

this  area  is  approximately  16  hours.  The  harmonic  analyses  of  these 
lata  were  interpreted  with  some  reservations  due  to  the  fact  that  the 
ship  was  rapidly  changing  position  and  to  the  evident  existence  of  appar- 
ently random  fluctuations  of  considerable  magnitude. 

In  order  to  derive  the  residual  non- fluctuating  currents  in 
this  situation,  the  data  have  been  calculated  aa  li8-hour  running  means, 

L8  hours  being  the  It  act  common  multiple  of  16  and  12  hours.  If  tidal 
and  inertial  constituents  are  present,  they  should  disappear  in  the 
averages  together  with  the  greater  part  of  those  cf  shorter  and  random 
perioda.  This  is  admittedly  a rather  brutal  treatment,  as  any  fluctua- 
tions in  the  residual  current  are  severely  smoothed  thereby.  However, 
it  has  served  for  the  preliminary  investigations. 
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A serious  disadvantage  is  th^  faoi  that  the  ends  of  a continu- 
ous series  of  observations  nay  be  approached  within  only  2k  houro  by  av- 

i 

• erased  results,  and  hence  any  lengthy  break  in  continuity  of  the  data  may 

leave  large  {taps  in  the  results.  Twenty-four  hour  groupings  also  have 
been  tried  and  are  found  to  remove  moat,  of  th?  fluctuations  and  leave 
smaller  gaps.  It  is  oreferred  to  use 'Ii8-honr  means  where  possible,  how- 
ever, since  the  results  will  be  less  ambiguous. 

The  results  of  3uch  a r.reatnent  to  the  data  of  Cruise  No.  7 
are  shown  in  Figure  9.  The  large  gap  in  the  lata  on  the  northern  leg 
of  the  cruise  is  ±ue  to  the  break  in  continuity  occasioned  by  a short 
storm.  Twenty-four  nour  means,  however,  show  the  residual  currents 
setting  soutn  to  southwest  throughout  cst  of  the  northern  leg  with  velo- 
cities of  the  order  of  5 to  8 cm/sec.  A comparison  with  Figure  ' shows 
seme  similarity  cf  G.E.K.  means  to  the  dynamic  heights  along  U8°-30'N 
but  none  whatsoever  along  50°-30*N.  The  current  pattern  is  also  intern- 
ally inconsistent,  i>oqulring  the  'Xistence  of  a region  of  convergence 
within  the  area  surveyed,  an  improbable  situation,  ft  appears  evident 
therefore  that  the  G.E.K. , in  thl?  region,  loes  not  alwa-s  leasure  the 
long-term  average  flows  associated  with  the  iistrib.tion  of  mass.  The 
converse  might  be  true  in  regions  where-  str  -ngor  currents  are  found , 
ft  is  cost. ilated  therefore  that  the  currents  measured  are 
shallow  wind-driven  currents  cf  short  duration.  To  test  this  hypothesis, 
average  wind  vectors  have  been  dotted  alor.:  the  course.  There  is  reason- 
able correspondence  f.iong  h8°-30*  assumin'  the  resulting  flow  to  oe  U5° 
to  the  right  of  the  wind  and  lag  gin,'  it  r / tew  hours,  in  the  northwest 

corner  of  the  survey,  there  appears  to  be  a:  inconsistency.  However,  the 


northwest  storm  which  appeared  two  lays  later  at  about  130~w  longitude 
may  already  have  been  dr  Ivin”  water  well  ahead  of  It.  Along  5G°-30‘, 
the  agreement  with  ?U-ho''r  average  currents  (not  shown)  is  good. 

These  results  showed  the  necessity  of  making  time  studies 
with  the  O.B.K.  The  first  studies,  begun  in  June,  191?,  were  sborat  one 
da"  in  length  and  were  mac»  by  steamir  ; back  and  forth  over  an  6-  to 
16-mile  course,  obtaining  u.E.K.  fixes  °nro;te,  Hydrographic  stations 
to  1,0  ■‘d  inters  deotn  oco  ">«&'•  at  intervals  of  2 to  12  hours  in  the 

several  experiments  in  an  ar.te~.ot  to  correlate  the  results  T th  the  dynamic 
heights*  Hotary  changes  in  current  dirs ‘ti.or  were  readily  iejac-nstraiod, 
but  twenty-four  hour  per s-rd?  are  too  srrri  for  effective  harmonic  analysis* 
Two  experiments  o’"  3 to  U Jays'  iu  rati  on  .ftp  there}  ore  uoie  in  J.me  and 
August,  If-  33*  Cruises  No.  29  and  31,  resrectively. 

i.n  Cruise  No.  29,  the  shirt  steamed  backward  an: j '"orwaro  two 
hours'  run  on  reciprocal  heviinjs,  taking  l.b.h.  ♦’lues  every  hour  together 
with  other  nnta.  Positions  were  fired  frequently  by  lo’-an,  and  .y.  srognaphic 
stations  were  occuni - . about  t- ~rc- ry  12  hours,  home  failures  in  e.v,. i pment 
being  irot  ‘or  con]  i ary  •ipoa-'re»nx'ntr  csv  - ad  se^arsl  ar-dpsirably  large 
ga->s  in  the  .‘.ata,  Vt  the  results  are  on! v a little  lens  srey * -Jt.f't  than 
those  to  be  orrsontf  • below* 
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experiments  of  this  type  in  which  he  hA«  sJUailtaneoualy  followed  a freely 
drifting  buoy  (personal  communication).  An  attempt  to  do  this  with  ar. 
improvised  buoy  and  drag  was  abandoned  after  the  buoy  lost  its  drag  and 
was  itself  nearly  lest  at  night  during  a radar  failure. 

The  results  of  this  experiment  have  been  expressed  a a north 
and  east  components  of  velocity  and  are  presented  in  Figure  1G«  K has 
been  assumed  to  be  unity  and  corrections  have  been  made  for  electrode 
droop.  The  results  are  surprisingly  consistent  and  have  given  rise  to 
a renewed  belief  In  the  reality  of  G.E.K.  measurements.  The  16-hour 
inertial  period  is  evident  by  visual  inspection.  Much  of  the  distortion 
is  due  to  other  corronents,  principally  the  semidiurnal.  Some  smoothing 
has  neen  practiced  out  there  is  difficulty  in  deciding  which  fluctuations 
may  be  real  and  which  due  to  experimental  uncertainty.  Dee  to  the  inter- 
dependence of  separate  fixes,  errors  often  appear  symmetrically  in  alter- 
nate or  adjacent  points.  Moreover,  in  some  cases  the  record  can  not  be 
interpreted  mere  accurately  than  several  tenths  cf  a millivolt,, 

In  correlation  with  this  experiment,  an  anchor  station  was  occu- 
pied for  the  preceding  three  and  one-half  days  atop  Cobb  Seamount  (Css  Fig' 
ure  8)=  Here  currents  were  measured  at  20  meters  deoth  with  ar.  Ekman  cur- 
rent meter  every  30  minutes,  and  temperature  structures  were  measured 
hourly  by  bathythermograph.  Bathythermograms  were  also  obtained  hourly 
during  the  time  stud/-  with  the  G.E.K.  Three  hydrographic  stations  were 
occupied  at  comers  of  a 30-mile  square  about  the  seamount  to  obtain 
dynamic  heights  for  comparison.  The  time  study  with  the  O.E.IC.  was  per- 
formed in  depths  ranging  from  1,500  to  600  fathoms  and  between  30  and 
V\  miles  northwest  of  the  seamount.  The  ship  drifted  south  during  the 
period  > 
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The  dixeet  current  measurements  also  shov  rotary  changes  con- 
taining tidal  and  Inertial  components.  The  basic  periods  ar«  leoo  well 
defined  because  of  the  motions  of  the  ship,  out  these  motions  arc  small 
compared  to  those  of  s ship  anchored  in  deep  water.  It  is  assumed  in 
these  two  experiments  that  there  should  be  s'  me  similarity  in  the  currents 
on  a sharp  Isolated  seamount  to  those  in  the  adjacent  deeo  water.  On  the 
other  hand,  considerable  distortion  near  the  seamount  would  not  be  eur- 
orising. 

The  results  uf  harmonic  analysis  ’e  given  in  Table  I,  for 
both  the  r'rect,  measurements  and  the  ''*.E.K.  Only  the  16-  and  12-hour 
components  are  consi  lered  of  primary  Imoorta^ce,  but  the  higher  harmonics 
are  presented  to  suggest  the  magnitude  y the  amolitudes  which  coui<l  rc- 
sult  T'rom  random  lata  in  a series  of  this  length,  I*he  contribution  of 
each  constituent  is  assumed  to  be  expressed  n the  form 

vn  “ 7n  cos  (e  - Kx; 
vfl  ^ cos  ^6  - Kg) 

where  y and  r arc  the  Instantaneous  valuer  of  the  north  and  east  ccmno- 

3 — 8 

nents  of  velocity.  7n  and  V0  are  the  ccrrespcn  ilng  amplitudes 5 9 is  the 
time  angle  -f  the  constituent  ana  ana  are  the  local  epochs,  the 
negative  or  the  conventional  pha<*e  a ;glef  V-  origin  of  time  being  tha 
time  of  local  lunar-  transit  on  the  ‘’’rst  lav  of  the  anchor  station. 

If  Ko-K-^  expressed  cs  n mrlc-.  less  than  ISO0  is  positive  0 rota- 
tion of  the  current  ve  :tor  with  time  is  clockwise.  Ir  -^articular,  if  ?Lj- 

•m 

- 90°  ana  Vn  - i the  current  hodogr.^r:  'nr  tt«.  ri.ri3tit.iH.r’.t  Is  s circle * 
Theoret Leally,  c*  rcular  changes  ?re  to  oe  extorted  1 ;>  the  inertial  com- 
ponent an  ',  generally  elliptical  c run-yes  j.  the  tidal  component 
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It  l*?  evident  that  tne  m'tion  it  scc'Vinted  roi  by  3 nertial 

and  semidiui  *s\  constituents,  the  v;rje r preponderating.  Tha  diurnal  con- 
stituent is  probably  of  significant  Twairitude,  but  the  others  are  qnectlon- 
able.  rhto  chase  dii’furpMCe  between  north  and  e-ast  components  in  these 
throe  constituents  corresponds  to  clockwise  rotations,  as  would  be  expected 
from  the  deflecting  lores  oi'  tne  earth1?  rotation.  In  the  inertial  con- 
stituent, it  is  very  -early  90°  r.->r  both  th«  direct  measurements  and  the 
GoE.K.  In  th"  G.E.K.  results,  tr-  two  a"olit».  las  are  essentially  the 
seine,  which  satisfies  the  condition  "'or  circular  rotnton*  Purtner  re- 
ductions from  the  phri9c  relations  vill  be  attempts  4 at  a later  date,  the 
amnlltudi  of  the  semidiurnal  const' t-uent  or  Cobb  °><rur,0'int  is  about  15  per 
cent  ’.ess  t,i  an  the  G.E.K.  results,  vMeh  i?  the  sumt  as  the  charty0  in  the 
iTjean  trial  ran.^e  at  Astoria  -'urin  th*  two  periods.  The  change  in  the 
inortial  cemoonent  may  aria?  from  an  lucre  ase  In  average  wine  velocity 
from  about  p to  20  knots  over  the  same  period. 

The  insults  of  the  time  atun  • 'n  June,  Lv53,  are  shown  in  Table 
II«  Although  the  amplitude?  are  smaller,  tAe  relative  importance  of  the 
16-  and  12-hour  constituents  is  * * parted,  Thi?  re  ri  meet  *?«  carried 
out  at  ii8°~02?N,  130°-29*W$  o:w  bv  chanc*-  during  the  timt  atu.iy,  the  ship 
drifted  over  ana  charted  p new  seamount  risii;  to  u least  firth,  of  ?80 
fathoms*  This  3hallowing  of  the  <aur  may  nave  h«r  some  f,i‘ect  upon  the 
G.E.K. 

The  nossibility  exists  that  Internal  waves  or  ti  ial  and  ir.‘-‘v*t'al 
peri*'’  civp  ^pi  to  the  cttrrentfc  >r  affects  aeon  red  by  the  ‘J.E.K.  This 
r s .--eon  in  rest : ated  by  a st>  i • •'  the  ■■'athythemo^rurs  t..'!:cv  to  le-th 

of  ) ':>G  niri -i;  the  ti;~'  sir  w of  '•  i“  *sa  No.  .31. 


internal  waves  oop’ir 


with  amplitudes  of  tie  order  o i'  2"  feet  but  with  periods  poorly  defir»d. 
Visual  examination  suggests  six-hour  and  two-hour  periods  rather  than 
those  of  twelve  or  sixteen  hours,.  It  is  felt  therefore  that  these  in- 
ternal waves  are  not  a determining  influence  on  the  G.E.K.  results 5 but 
that  they  possibly  account  for  some  o'’  the  aberrations  and  short-period 
constituents. 

m Table  HI,  the  avera/e  rest  dual  current  calculated  from  the 
three  t i./re  studies  is  c ompared  with  the  d/Ti&mic  topoeraohlea  and  with  the 
approximate  drift  cf  the  ship  as  determined  oy  ieviations  from  the  courses 
run,  measured  by  lornn  fixes.  In  Iruise  No,  29.,  the  G.E.K,  compares  well 
with  the  drift  cf  the  ship  but  not  with  the  dynamic  topographies.  This 
was  in  a re  Hod  of  light,  winds  in  which  the  ship  might  be  expected  to 
move  wioh  the  water.  In  Crui  >o  IJc-  31,  there  is  little  agreement,  possi- 
bly because  the  win  is  averaged  20  knots  from  the  north . However  , the 
direct  current  measurements  comnare  favorably  with  the  dynamic  topographies 
close  to  the  seamount  Farther  away,  the  velocity  and  direction  derived 
from  the  topographies  are  extremal/  uncertain  a“>o  are  not  shown.  In  seems 
wall  established  therefore  that  the  rotary  chan  -,os  observed  by  the  G.E.K. 
in  deep  water  have  their  oounteroart  ui  the  direct  measurements  of  cur- 
rents .• 


C 0^ p VJ SluMb  AND  SlIKMnUI 

The  water  circulation  of*'  the  coasts  jf  Vancouver  Island,  dash- 
ington  ar.u  Oregon  in  late  r ori* . . a in  snimmer  tins  V-ien  studied  by  means  of 
dynamic  topographies  uni  the  G d.K,  A oio fare  :-s  presented  which  fills  a 
previously  existing  gap  in  the  Information  for  the  central  The 


relatively  flat  dynaraic  topography  is  especially  sensitive  to  transient 
conditions  and  experimental  error-  Nevertheless,  the  topographies  con- 
sistently show  a weak  northeasterly  circulation  at  5 cm/sec  or  less,  part 
of  which  is  deflected  southward  off  Vancouver  Island  to  continue  along 
the  coast  past  US°  N ortho  This  circulation  pattern  is  consistent  with 
previous  work  in  the  adjoining  areas,  and  with  the  assumed  divergence 
of  the  Aleutian  Current  beginning  well  offshore  around  U5°  North* 

The  O.E«K.  has  been  shown  to  measure  apparent  currents  which 
rotate  in  direction  and  fluctuate  in  intensity*  The  peak  flows  are  of 
Ine  order  of  20-35  cm/'sec  which  is  several  tirac-9  greater  than  the  net 
flows-  The  rotations  contain  semidiurnal  anp  inGrtial  constituents, 
the  latter  predominating* 

A time  study  in  direct  measurement  of  currents  or,  Cobb  Sea- 
mount, 270  miles  offshore,  has  been  compared  with  a similar  time  study 
with  the  G.E*K.  in  the  adjoin tip'  deep  water*  Harmonic  analysis  of  the 
North  and  East  components  of  velocity  has  produced  amplitudes  of  7-31 
cm/sec  for  the  semidiurnal  constituents*  The  relative  differences  arc 
the  same  a?  the  corresponding  changes  in  the  mean  tidal  range  at  Astoria 
during  the  period  of  the  measurements*  The  amplitudes  of  the  inertial 
constituent  were  9 and  13  cra/sec  in  one  case  and  22*5  cta/sec  in  the 
other,  a difference  ascribed  to  an  abrunt  change  in  wind  velocity* 
Another  time  study  with  the  G*E.;K»  showed  similar  results,  but  smaller 
amplitudes*  The  combined  results  suggest  that  the  currents  being 
measured  by  the  G,E»K.  are  reel*  This  conclusion  is  supoorted  by  the 
published  results  of  current  measurements  at  several  deep-sea  enchor 


stations  which  show  similar  variations,* 


TM  r.efc  currents  ot- tains J by  ivor«? in  t/p.-  ,‘}„E,.K,  results  show 
little  correspondence  with  those  indicated  by  <]yriarnic  tonographies e The 
'ormer  probably  represent  3hcrt-t«n?>  surface  currents  rine  to  the  wind;, 
.^hej’eas  the  .tynarcic  topogranhl.ee  repres  -it  Ir.tegxatect  f>r' facts  over  longer 
perlc aflr 

r<  ccnelu*-* on-  is  ?■•••.:  •esb'ct  that  prcgresp  ir*  the  interpre- 
ts tier.  i.V  current?  ii  this  fr;ulnr  a tetv-r  insight  *nto  the  cause 

and  nr.t.nre  >y'  the  transient  rur'-er.ts.  Pre  (1  L,  K . a ho-;  la  he  useful  in 
these  studies*  V>ut  •i>nat  be  ''urth>-r  *-  '.iluatei  ir  tersis  of  direct  measuro- 


.vents 


6 


'**— 'V'  ■» 


BIBLIOGRAPHY 

Defart,  A..  1932,  "lie  Gezeiten  unci  innorn  Gczeitenwellen  des  Atlantiechen 
Ozeans" , Wiss.  Srgobn.  dor  Doutsehen  Atlar.t.  Expedlt,  auf  dam  ’HSeteor1 
192j?“1927  7 Tell  I. 

^ U 

19U0,,  "Die  ozeanographischen  Verhaltni3se  uahrend  der 

Ankarstatlcn  de3  'Altair'  am  Nordrand  ties  Hauptstronstriches  deo 
Golfstromes  norilich  der  Azoren",  Ann,  der  Hydros; . , Nov. -Beiheft. 

Doe,  L;  A,  S, } 1952,  "Oceanographic  Studies  off  the  Canadian  Pacific  Coast, 
1951",  Unpublished  raport  of  Pacific  Oceanographic  Group,  Nannino , 

B.  C.,  August  1952. 

Ekmar,  V,  W. , 1953.  "Studies  on  Ocean  Currents.  Results  of  a Cruise  on 
Board  the  1 Armaaer  Hansen’  in  1930  under  the  Leadership  of  Bjjum 
Helland-Kanson" . 

Tiering , J>.  A.  ot  al. , I?u5»  "Scientific  Results  of  Cruise  VII  of  tlia 
'Carnegie'  during  19 2d -19 2 9 under  Command  of  Captain  J.  P.  Ault" 
Carnegio  Inst,  fash.  Pub,  SUB,  Vox.  x-B. 

Goodman,  J. , and  Thonpoor,  T.  G.,  19U0.  "Characteristics  of  the  Waters  in 
Sections  fro -a  Ditch  Harbor,  Alaska  to  the  Strait  of  Juan  de  Fuca  and 
from  the  Strait  of  Juan  de  Fuca  tc  Hawaii",  'Jniv.  of  Wash.  Tub,  in 
Oceanography  3,  Iio.  3 (19U0). 

Gustafson,  I'.,  and  Kollo;. berg,  D.,  1.936 . "Untersuchungcn  der  Traigheits- 
strormingen  in  der  Ox t see",  Svy  Ilydrograf.  Siolog.  Kornm,  Skrifter, 

Ky  Scr.  Hydr.  13,  2t  pp.  '1936)* 

Holl-and-HaiiCQH,  B.,  1930.  Physical  Oceanography  and  Meteorology.  Report 
of  the  Scientific  Researches  of  the  'Michael  Cars'  North  Atlantic  Deep 
Sea  Expedition. 


■17 


I 


j? 


tj.1 

c 


te> 


8? 

**- 


Ma.-fwat,  H»  A,  1926a  T 5,  Const  and  Geodetic  Survey  Cpec*  Pub.  121s 
63-77  (1926)o 

KLil3burys  J0  E,a  189I<.  U-  S.  Coast  end  Geodetic  Survey  Reports  l£90c 

3»ni3a  /alter  C - s 193?..  ''H;<'drodyi>rnical  Investigations  off  the  Pacific 
Coast  cf  North  A neric.*.’1  _>  B„  S*  Ttesis,.  University  of  Washington 
(193?), 

overirup.  H„  0.3  John  3 on _ M V/,.  arc  ileaingj  !t„  He s 1 9U6 ..  The  Oceansx 
N Y ; Prentice-Hall  (19!  6)0 

Thomoson.,  W,  F*  P and  /an  •?  lnve , ii«. . 1$ 36.,  "life  History  of  the  Pacific 
Halibut'',  top  art,  of  the  . ncernat  i onil  Fisheries  Commission  9 (1936) » 

"Kllf.  J P . 1938  ’crr.f:  i?nl  at loos  Meteor  elegy  and  Coast 

Gradient  Currant?  off  rh:  Pacific  Ca«at  of  North  America".;  Trans., 

Am.  lec-.nysy  Union  19.  177  182  (.193?) 

19i*l  • li.currc,(  e 'Jon  • Ti  ial  Currents  in  the  Approaches  of  Juan 

ie  taca  Htrait" . J,  ' it  m leg Beslan  $.  39d-hQ9  1X9 i*2). 


HARK'.' NIC  ANALYSED  OF  CURRENT 


s,.. 


* The  constituents  are  expressed  os  cosines;  and  is 
the  positive  an^le  measure-'.  from  the  tine  of  local 
lunar  transit  on  7 ./ur.e  to  the  time,  of  constituent 
maximum 
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